Human herpesvirus 6 (HHV-6) belongs to the subfamily Betaherpesvirinae (30) , which is represented by Human cytomegalovirus (HCMV). Both HHV-6 and HCMV establish latency in the monocyte/macrophage lineage (9, 17-19, 25, 33, 38) , and during latent infection HHV-6 and HCMV express latency-associated transcripts that show similar features: (i) both transcripts contain open reading frames (ORFs) encoding immediate-early proteins IE1 and IE2 (20, 21) and (ii) both transcripts are expressed in a small proportion of latently infected cells (19, 20, 32) . The function and expression profile of these transcripts have been unknown (24, 39) .
In the present study, we first developed a sensitive method to detect the latency-associated transcripts of HHV-6 (H6LTs). Because productive-phase IE1 and IE2 transcripts share their entire sequences with H6LTs ( Fig. 1) , we previously used the 5Ј rapid amplification of cDNA ends (RACE) method to distinguish H6LTs from IE1 and IE2 transcripts (20) . To increase the sensitivity, we designed primer sets and probes to amplify the H6LTs or IE1 and IE2 transcripts (Fig. 1) . We performed reverse transcription-PCR (RT-PCR) on the RNAs collected from the experimental latent-infection system (19, 20) ( Fig. 2A  and B) .
The latent-infection system of HHV-6 was established as described previously (19) . Briefly, peripheral blood macrophages were cultured in RPMI 1640 supplemented with 25% horse serum on plastic plates coated with collagen (Sumitomo Bakelite Co., Ltd.). Macrophages were infected with HHV-6 strain HST on day 7 and were cultured for 4 weeks. At 4 weeks postinfection, no macrophages showed signs of viral replication, such as viral protein expression or infectious-virus production. Viral reactivation was induced by treatment with tetradecanoyl phorbol acetate (TPA; 20 ng/ml) for 7 days and was detected by cocultivation with phytohemagglutinin (PHA)-stimulated umbilical cord blood cells for 7 days.
For the type I H6LTs, the cDNA was amplified with primers IE4RA (5Ј-GACACATTCTTGGAAGCGATGTCG-3Ј), ULE1F2 (5Ј-GCATATCCTGGAGTGGCTGCGCTACC-3Ј), and IE2FB (5Ј-CATCCCATCAATTATTGGATTGCTGG-3Ј) and then with primers IE3RA (5Ј-GGATTCCATGTTGT TTCCAGAGG-3Ј), ULE1F1 (5Ј CGTTACCGAAGATTACT TCGTGCTG-3Ј), and IE2FA (5Ј-GAAACCACCACCTGGA ATCAATCTCC-3Ј). As expected from the structures of the transcripts (Fig. 1) , two kinds of amplified products (646 and 172 bp) from type I H6LTs were obtained from latently infected macrophages (latent pattern in Fig. 2A and B) . On the other hand, a single amplified product (172 bp) from productive-phase IE1 and IE2 transcripts was obtained from macrophages that were treated with TPA for 7 days to induce viral reactivation (productive pattern in Fig. 2A and B) . Type II H6LTs were examined with primers IE4RA, LEF2 (5Ј-CGTC ACAGAATCTAAAAACAAACCATCCGTG-3Ј), and IE2FB and then with primers IE3RA, LEF3 (5Ј-CCATCCGTGAT TTTTTCCATTCTTAAGG-3Ј), and IE2FA. The amplified products from the type I (172 bp) and type II (292 bp) H6LTs were observed in latent-phase macrophages, and the product from IE1 and IE2 transcripts (172 bp) was detected in the reactivation phase macrophages. These data indicated that this system was useful for distinguishing between latent-phase and the productive-phase transcripts.
We then applied this method to analyze the RNA from 1 ml of peripheral blood from hematopoietic stem cell transplant (SCT) patients, who are known to show severe complications at the time of HHV-6 reactivation (5, 6, 8, 10, 12, 40) . Informed consent was obtained from the blood donors for participation in the study. The RNA was purified as described previously (3) and treated with DNase. Sixteen SCT recipients (mean age, 7 years 2 months; range, 9 months to 16 years 6 months) were examined once a week for active HHV-6 infection. Nine of the patients showed symptoms associated with HHV-6 reactivation, such as fever and rash. Viral reactivation of HHV-6 was confirmed by sequential quantification of the viral DNA in the peripheral blood mononuclear cells (37) . Blood samples collected at the onset and those collected 1 to 3 weeks prior to the reactivation were examined. One case that showed both type I and type II transcripts is shown in Fig. 2C , the time course of a representative case is shown in Fig. 2D , and the results are summarized in Table 1 . All the blood samples from the above nine patients displayed the productive pattern (IE1 and IE2 expression) when the patients showed symptoms, and samples from two patients showed the productive pattern 1 week prior to the onset of the HHV-6 reactivation. Of the nine reactivation-positive patients, six (66%) showed expression of the type I H6LTs 1 to 3 weeks before the onset of the viral reactivation. Three negative cases were due to a shortage of lymphocytes in the samples (data not shown).
The expression of H6LTs or IE1 and IE2 transcripts was barely detectable in the samples from the SCT patients before the chemotherapy for the SCT, in those from healthy controls, or in those from reactivation-negative patients ( Table 1) . The failure to detect the H6LTs is consistent with our previous finding that the H6LTs are not very abundant, and therefore are difficult to detect, in small blood samples from healthy donors (20) . Reactivation-positive patients showed significantly higher levels of H6LT expression than the reactivationnegative patients and healthy controls before they showed viral reactivation. A significant increase in HHV-6 DNA was not observed in the reactivation-positive patients (data not shown); therefore, the observed enhancement of the H6LT expression was not thought to be caused by an increase in latently infected cells.
This in vivo study indicated that the expression level of H6LTs might be increased in the period shortly preceding viral reactivation. To investigate the regulation of H6LTs, latently infected macrophages were stimulated with TPA and the H6LT expression was examined. Latent HHV-6 can be reactivated in latently infected macrophages by a 7-day treatment with TPA followed by cocultivation with PHA-stimulated cord blood cells for another 7 days (19) . The percentage of H6LT-positive cells was estimated by cell dilution RT-PCR analyses before and after TPA treatment as described in our previous study (20) . Briefly, latently infected macrophages were detached from culture dishes, serially diluted, and cultured with a feeder layer of uninfected macrophages. The cells were treated with TPA for 3, 5, or 7 days. H6LTs were amplified by the RT-PCR technique discussed above to distinguish the la-FIG. 1. RT-PCR design for detecting latent and productive transcripts. The upper portion shows the positions and arrangements of the major repeat elements, R1, R2, and R3, the origin of replication (oriLyt), and the structure of the direct repeat (DR) termini. Positions of the H6LTs and other genes related to the present study are shown. Structures of the productive-phase IE1 and IE2 transcripts and H6LTs, primer positions, and the probes for Southern blot hybridization are shown. The drawings of the mRNAs are all in the same orientation relative to the HHV-6 genome. Thin lines, introns; thick arrows, exons. All exons and introns are drawn to scale. Latency-associated exons starting from latent start site 1 (LSS1) and LSS2 are depicted. The position of the productive start site (PSS) is also shown. Two additional exons of the type I H6LTs are located approximately 7.8 and 9.7 kb upstream from the productive transcription start site. The ORFs encoding IE1 and IE2 and small uORFs are also depicted. Translation for the IE1 and IE2 proteins encoded by H6LTs is suppressed (19, 20) ; suppression is thought to be caused by the uORF control mechanism (23).
VOL. 77, 2003
NOTES 2259 tent transcripts from productive-phase transcripts. The percentage of transcription-positive cells and the copy number of the transcripts were estimated by a dilution method described previously (20) . Briefly, latently infected macrophages were detached from the plates as described previously (19) and were serially diluted (10 4 to 10 cells) into sample tubes by using four tubes for each dilution. RNA isolated from each sample tube was evaluated by the RT-PCR technique discussed above. To estimate the copy number of the transcripts, mRNAs from the latent macrophages were reverse transcribed and serially diluted into sample tubes by using tRNA as a carrier (four tubes for each dilution) and RT-PCR was performed in each tube. The numbers of transcript-positive cells and copy numbers of the transcripts were calculated by the Reed-Muench method (29) , and the copy numbers of the transcripts in each H6LT-positive cell were estimated using these data.
Before TPA treatment, only a small percentage of the latently infected macrophages expressed detectable latent transcripts; however, 3 and 5 days after the treatment with TPA the distribution of cells that expressed the type I H6LTs significantly increased, and then decreased at day 7 ( Table 2 ). These findings suggested that the expression of the H6LTs might be up-regulated at an early stage of viral reactivation and downregulated after the viral reactivation started. The amount of each H6LT in one cell also increased at days 3 and 5 and then decreased at day 7 ( Table 2 ). Transcription of productivephase IE1 and IE2 mRNA was not detected at days 0, 3, and 5 by the 5Ј RACE method used in our previous report (20) (Fig. 3) .
We next examined the expression of the IE1 protein (11, 13, 26, 27, 31) in the latent cells that were treated with TPA for 3 and 5 days. Although H6LTs contain the ORF encoding IE1, its translation is significantly suppressed, probably by the translational control mechanism mediated by a small upstream ORF (uORF) (23) (Fig. 1) . We used an anti-IE1 mouse monospecific antibody (36) combined with biotin-avidin immunofluorescence systems (Vector Laboratories). The IE1 protein was detectable in approximately 5% of the cells; however, glyco- (Fig. 4) . Infectious virus was not detected at day 3 or 5 (data not shown). Because productivephase IE1 mRNAs were not detectable in these cells, the H6LTs, which contain the IE1 ORF (Fig. 1) , were considered to be translated into the IE1 protein at this novel, intermediate stage. For some mRNAs that have small uORFs that restrict the translation of the downstream ORFs, it has been reported that modulation of both translational regulation and the mRNA level is important for release from the uORF control (14, 28) . An alteration in the regulation of translation as well as the increase of the H6LTs might have contributed to the increased IE1 protein expression (Table 2) . To study the function of the expressed IE1 protein, we generated the plasmid expression vector pcDNA3.1-IE1 by cloning the full-length cDNA for IE1 (20; K. Kondo, unpublished data). The latent macrophages were transfected with the pcDNA3.1-IE1 by using a Nucleofector electroporator (Amaxa Biosystems) according to the manufacturer's recommended protocol. Briefly, latently infected cells were detached from the culture dish with 1% EDTA as described previously (19) . The cells were mixed with 5 g of the plasmid and 100 l of Nucleofector solution V, and electroporation was performed with Nucleofector by using the program T-20. The transfection efficiency was assessed by examining IE1 protein expression, which ranged from 2.1 to 4.0%. The transfected cells were serially diluted and cocultivated with an uninfected macrophage feeder layer. When TPA treatment was performed, viral reactivation was observed 4 days after the appearance of the IE1 protein (Fig. 4) ; therefore, PHA-stimulated cord blood cells were added to the macrophages 4 days after the transfection, and the appearance of the infectious virus was monitored. The efficiency of the viral reactivation was calculated by the Reed-Muench method (29) , and the data were corrected for transfection efficiency (Fig. 5) . Because the reactivation of another betaherpesvirus, HCMV, is known to depend on the differentiation and/or activation of monocytes/ macrophages (33, 34), we induced the differentiation and/or reactivation-induced macrophages (lanes 2 to 4), and 10 2 productively infected MT4 cells (lane 5) was analyzed by the 5Ј RACE method. The number of days poststimulation is indicated above each lane. The RACE method used was the same as in our previous study (20) . The 5Ј end of the transcript was tailed with deoxyadenosine and annealed with the anchor primer RL-1 ( Fig. 1) and was amplified first with primers N2 and IE4RA and then with primers N1 and IE2R. The 5Ј ends of the productive IE1 and IE2 transcripts (180 bp) and type I H6LTs (618 bp) were detected. Expression of elongation factor 1a mRNA was examined as a standard by RT-PCR, as described previously (amplified product, 250 bp) (42) . HaeIII-digested X174 DNA fragments were used as size markers (⌽X). a Samples obtained from the SCT patients were examined by RT-PCR with the primers shown in Fig. 1 before the chemotherapy for the SCT (pretreat), 2 to 3 weeks before the viral reactivation (2-3 wk), 1 week before the reactivation (1 wk), and at the onset of the reactivation (onset). Samples from patients who did not show HHV-6 reactivation (no reactivation) and from healthy age-matched controls (healthy) were also examined. RT-PCR for the type I and type II H6LTs was performed. Samples from the patients with no reactivation did not show detectable transcripts during the observation time period. The expression of the H6LTs was confirmed by H6LT-specific double-nested RT-PCR as described in our previous study (20) .
b Latent, sample that showed the latent pattern in the RT-PCR shown in Fig. 2 .
c Productive, sample that showed the productive expression pattern. d Two samples showed both type I H6LTs and productive transcripts, and one of the two samples showed type II H6LTs and productive transcripts. activation of the latently infected macrophages by using a short TPA treatment (10 ng/ml for 24 h) (1, 35) . We confirmed the differentiation and/or activation of the cells morphologically and by phagocytosis assay (4) (data not shown). The virus was efficiently reactivated by IE1 expression combined with the short TPA treatment, and the reactivation rate was similar to that induced by long TPA treatment (7 days), which was previously thought to be the most efficient way to induce reactivation in this system (Fig. 5) (19) . The virus was not reactivated by the short TPA treatment alone (Fig. 5) . These data suggested that IE1 protein expression was an important factor for HHV-6 reactivation and that there were other control points during the course of the viral reactivation, as has also been suggested for HCMV and murine cytomegalovirus (22, 34) . Only a small proportion of latently infected cells (approximately 5 to 7%) contain detectable latent transcripts during HHV-6 latency (20) (Table 2) ; however, our findings have raised the possibility that the expression of the latent transcripts may correspond to a separate stage of latency. In the present study, we carefully analyzed the expression of the H6LTs over time in vivo and in vitro and found that the H6LTs might be expressed most abundantly just before the onset of viral reactivation (Tables 1 and 2 (19) . The averages and standard deviations of three independent studies are shown.
H6LTs could be the sources of the IE1 protein (Fig. 4) , and IE1 enhanced the viral reactivation (Fig. 5) . Importantly, this intermediate phase of viral infection is different from the reactivation phase, which is characterized by the expression of productive-phase IE1 and IE2 transcripts (15, 22, 33) . The cellular differentiation and/or activation of the latently infected cells may an important factor in the induction of complete viral reactivation (Fig. 5) (34) , and the differentiation and/or activation of the latently infected cells that are in the intermediate phase might cause viral reactivation. The intermediate stage seems to be relatively stable, because viral regulation did not occur during this stage (Fig. 4) and because it took another 4 days for the in vitro reactivation to occur ( Table 2 ) and another 1 to 3 weeks for the in vivo reactivation to occur (Table 1) .
Thus, we have recognized a novel intermediate stage in HHV-6 latency that may be a preparatory stage for reactivation and that is characterized by the abundant expression of H6LTs. Latent transcripts are detected in a small percentage cells that are latently infected with HCMV, as is observed in HHV-6 latency (18, 21, 32) , and many other features of HCMV latency are similar to those of HHV-6 latency, as described above. Therefore, we hypothesize that the intermediate stage of latency might be common to HHV-6 and HCMV and that the expression of HCMV latent transcripts might be enhanced during this stage.
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